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Abstract
Xeikon is a digital printing system that sends digital files directly to the press,
thus eliminating film and plate processing. Technically, Xeikon is a web-fed
press using electrophotographic technology to create information that is trans
ferred to the substrate. From a marketing perspective, it is one of the preferred
choices for on-demand, variable-data, and short-run printing because it has
been proven to be an economical process than traditional offset.
In the current printing process, the digital file is prepared as a postscript file and
transferred to the Xeikon server and Xeikon Raster Image Processor (RIP)
respectively. The computer section at the Xeikon RIP will RIP the file and image
the information on the photoconductor drum. The information is then trans
ferred to the substrate. Conventionally, the digital file can be changed to
improve the tone reproduction in order to make the image suitable for each job.
However, the file will be transferred back to the prepress workstation and sent
back through the RIPping process.
Another possible way to improve the tone reproduction of the image is the
adjustment of the dot gain setting in the RIPping process without changing the
native digital file. The benefits of this process could include:
- Reducing the bottleneck in prepress
- Minimizing prepress variables
- Protecting customer file integrity
xn
Subsequently, this study examined how varying the dot gain setting in the
RIPping process can improve the workflow of the Xeikon digital printing sys
tem. The printed targets, produced from varying the dot gain setting at the pre
press workstation (conventional workflow) and at the Xeikon RIP (proposed
workflow), were compared the tone reproduction, dot gain, solid ink density,
and gray balance. The time usage of each workflow was also measured. And
the sample images were evaluated by a group of 20 observers.
The results indicated that varying the dot gain setting at the Xeikon RIP saved
the production time. Meanwhile, they showed the different output qualities in
terms of tone reproduction, dot gain, and gray balance but the same in terms of
solid ink density. However, the image evaluation result showed that the
observers accepted images from proposed workflow rather than those from con
ventional workflow.
xm
Chapter 1
Introduction
Printing is one form of graphic communications. "It is the reproduction of
quantities of images mostly on paper which can be seen or perceived visual-
ly"(Bruno, 1997, p.8). In the 11th century, printing from movable type appeared
in China and Korea. In 1440, Johannes Gutenberg introduced to the Western
world his invention of printing with ink on paper, using movable cast metal
type mounted on a converted wine press. According to Bruno (1995), "Printers
remained a manual craft using hand-cast letters, hand-set type, and hand-oper
ated presses for over 350 years until about 1800 when the Industrial Revolution
began to mechanize it, and Senefelder invented lithography which used hand-
drawn illustrations that were easier to produce than hand-made woodcuts or
copper engravings"(p.l).
Following lithography, the next technological advance came about 1850 after
photography was introduced and a number of new photomechanical processes
were developed. These processes include: photoengraving, photolithography,
photogravure, the halftone screen, and the three-color printing process.
Thereafter, the development of printing methods were then classified into four
major systems as known as conventional (or analog) printing systems. These
included planographic printing, relief printing, intaglio, and screen printing.
Bruno (1997) described these systems: "(1) Planographic [printing] in which the
printing and non-printing areas are on the same plane surface and the difference
between them is maintained chemically. Examples are offset lithography and
collotype. (2) Relief [printing] in which the printing areas are on a plane surface
and the non-printing areas are below the surface. Examples are letterpress and
flexography. (3) Intaglio in which the non-printing areas are on a plane surface
and the printing areas are etched or engraved below the surface. Examples are
gravure and steel die engraving. (4) Porous [Screen printing] in which the print
ing areas are on fine mesh screens through which inks can penetrate and the
non-image areas are stencils over the screen to block the flow of inks in those
areas"(p.24-25).
The biggest change in printing technologies has resulted from the efforts to
eliminate the handwork, time, and skill-intensive operations that increased costs
and caused long lead times, by the use of digital technology. With the advent of
digital technology, electronics and computers have been incorporated into the
printing processes. The following gives a brief historical overview of progres
sion in digital technologies.
1. 1970 digital printing introduced ink-jet printing, followed by laser
platemaking in 1975.
2. 1980s computer-to-plate systems were developed to image the digi
tal information directly to the plate, omitting film processing step.
3. 1990 single-color direct-to-press processes were developed to trans
fer the digital information directly to the press, thereby printing with
out plates.
4 1991 computer-to-plate-on-press system, which could image the
plate on press, was first introduced and was improved in 1993 .
5. 1993 process-color direct-to-press digital printing presses were
announced.
Digital printing is the new generation of printing systems. It is growing rapidly
and is currently used worldwide for short-run, on-demand, and variable-data
printing (see Appendix A). The current digital printing systems include Xeikon,
Indigo E-Print, Agfa Chromapress, IBM Infocolor, Xerox Docucolor, Xerox
Docutech, Kodak Linoheart, Heidelberg Quickmaster DI, Omni-Adast
(Presstek), and Scitex Spontane. An overview on several of these printing sys
tems can be found inAppendix B.
Xeikon, the digital printing system of this study, is a system that sends digital
files directly to the press, bypassing the film and plate processing step. It is a
full-color digital printing system that can print on a variety of substrates, with
no limitations to length size. In addition to this printing system, the Xeikon
print engine is also used as the print engine for other digital printers. These
include Agfa, IBM , Barco, Nilpeter, and Xerox. The Xeikon printing system was
selected for this study due to wide graphic communications industry use and
flexibility of Xeikon digital printing system.
The Statement of Problem
A major criteria in every printing production operation is to achieve just-in-time
(JIT) work. In general, the Xeikon digital printing system produces printed jobs
quickly due to its short workflow and fast turnaround. However, when the
print output is produced with unacceptable tone reproduction, the digital file
has to be changed to correct the tone reproduction in order to make the image
acceptable for the job. This method increases the prepress time and requires
that the original customer file be changed.
Background and Significance
Xeikon printing technology was developed by Xeikon N.V. corporation, a
Belgium company in 1988. According to Romano (1997), "The initial funding
came from AGIF (Agfa Gevaert Investment Fund). Since then, at least six other
companies have invested in Xeikon, but Agfa remains the single largest share
holder with approximately 25% of the shares"(p.225). Xeikon digital printing
system was first introduced at the IPEX trade exhibition in Birmingham,
England in April, 1993, and was exhibited in the United States together with the
other digital printing systems at the 1993 Seybold San Francisco Conference.
The first Xeikon version was the DCP-1 series, a web-based device using elec
trophotographic technology. The second-generation of Xeikon was DCP/32D
that included a combination of hardware, software, and consumables to
improve quality and productivity, and to lower cost. Currently, there are three
types of print engines available to meet specific market needs and applications;
DCP/32D, DCP/32S, and DCP/50D. Additionally, the DCP/50S model, a large-
format print engine for the packaging industry, is still in development. The
DCP/32D and DCP/50D models are single pass duplex (One-Pass Duplex)
print engines. The DCP/32S model is a single-sided print engine targeted at
pressure-sensitive and other adhesive-backed label printing applications.
In the general Xeikon printing system workflow, all of the elements of the print
ed project are in an electronic or digital form, which is imposed for the press.
This digital form is then saved in PostScript page description language and is
sent to the Xeikon server. Next, the Xeikon RIP interprets the PostScript job file
and controls the press for imaging the job. The imaging system uses electropho
tographic technology. The information is imaged to a photoconductor drum
and is then transferred to the substrate. Since the Xeikon workflow process
eliminates the film and plate processing step, the Xeikon system can reduce time
and cost while maintaining quality comparable to standard offset printing.
However, when the print output is produced with unacceptable tone reproduc
tion, the correction will be made at the prepress workstation, resulting in more
time usage to resend and reprint the file.
Since a major customer need is to complete the printed jobs in the shortest peri
od of time, the workflow of Xeikon digital printing needs to improve. This
research will propose the use of Xeikon RIPping technology to improve the
workflow of tone reproduction correction in order to achieve just-in-time work.
Reasons for Interest
The researcher selected this subject for study because of his interest in digital
workflow. Xeikon is a new digital printing system, which incorporates the digi
tal technology in its quick turnaround workflow. From the preliminary study of
the Xeikon workflow, there is a dot-gain setting parameter at the Xeikon RIP
which many operators set in a constant value. In the researcher's opinion, this
parameter could be used for color adjustment when needed.
Just-in-time work is critical in the printing industry. One reason that the cus
tomers choose Xeikon digital printing systems, instead of conventional printing
systems, is that they can produce jobs within a short period of time. The Xeikon
system provides the dot gain setting parameter at the RIPping process which
can change the tone reproduction of the image. If the operators do not need to
change the digital files at the prepress workstation for image correction, then the
result is shorter production time.
This research will be beneficial to Xeikon in that a positive outcome would
result in the modification of the workflow procedures to reduce the production
time, which in turn will promote the increase use of the Xeikon system.
Additionally, this research would promote advances in technologies among
other manufacturers and would also stimulate competition and increase suppli
er bargaining power.
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Chapter 2
Theoretical Basis of Study
The focus of this study is the Xeikon digital printing system workflow.
According to its workflow procedure, the Xeikon digital files are saved in
PostScript format and the Raster Image Processor (RIP) interprets the PostScript
file to the Xeikon print engine which outputs the image. If the image requires
adjustment, then the above procedure must be repeated.
The theoretical basis of this research focuses on the belief that the Xeikon image
can be adjusted using a dot-gain setting without disturbing the native file. The
research will look at PostScript Language, and Raster Image Processor (RIP). In
addition, the Xeikon system operation, Xeikon system workflow (conventional
and proposed) and the reproduction aspects will be studied.
PostScript Language
PostScript is a page description programming language, developed by Adobe
Systems. Since PostScript is device-independent, "a document saved as a
PostScript file can be generated through any PostScript-compatible printer, copi
er, or other output device with little or no modifications"(Noel, 1996, p.11). In
the Xeikon digital printing system, the digital files created from any native
applications are converted to PostScript files which the Xeikon RIP can under
stand and translate to the print engine.
RIP (Raster Image Processor)
The RIP, Raster Image Processor, is a PostScript programming language compil
er that can be a hardware or software application. "It interprets the file and exe
cutes its commands, which are to draw objects on a page. A RIP is the essential
element in any form of raster-based imaging which includes computer-to: paper,
film, plate, cloth, plastic, metal, and perhaps epidermis"(Romano, 1999, p.16).
Digital printing systems use the RIP to convert digital information as a
PostScript page description language to a raster image that can be printed. The
final result of RIPping process is a bitmap for the entire image, telling the out
put engine where to place the spots.
The RIP performs three functions:
1. Interpretation of the PostScript page description language from the applica
tion program. It decodes PostScript and prepares the information for the next
step.
2. Creation of the Display List. It is the list of objects in a page description file
that has a determined order in which they will be displayed or imaged.
3. Rasterization. This process converts graphic elements into bitmaps for ren
dering on a monitor, digital printer, or imagesetter. The RIP takes the display
list and converts it into pixels in which the output engine can image from
those pixels.
"Raster data prints a page as a pattern of tiny printer spots. To place these
spots, the RIP maps out the page as a grid of spot locations-this is called a
bitmap. Any specific spot can be defined or located by its address based on xy
coordinates. To image a page, the output engine either images a spot or does
not; zero or one, on or off. Data of this type is called binary, because only two
values are used"(Romano, 1999, p.19).
Xeikon System Operation
Xeikon digital printing system comprises two major components: a front-end
system or Digital Imaging System (DIS) and a print engine. The DIS, which
locates at the Xeikon server, consists of two major subsystems; the RIP (Raster
Image Processor) and the PES (Print Engine Supervisor). The RIP translates
PostScript information into bitmap image files while the PES stores the RIPped
bitmap image files, manages printing conditions within the print engine, and
controls the print engine. The Xeikon print engine is designed for both duplex
(DCP/32D, or DCP/50D model) and simplex (DCP/32S model) printing.
As shown in Figure 2.1, at the Xeikon Engine, the paper is unwound from the
supply unit and fed to the printing tower. The imaging process takes place
inside the printing tower with electrophotographic imaging technology. Each
Printing Tower
Humidity
Conditioner
Paper Roll
Paper Supply Unit Printing Engine
Figure 2.1 The internal structure ofXeikon print engine
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Paper Output Unit
color is applied to the paper as the paper passes vertically up through the tower.
Xeikon DCP/32D and DCP/50D printers contain ten print stations, eight of
which are used to print four-color images on both the front and back of the web,
allowing for single pass duplex(One-Pass Duplex) printing. The rest of the
printing stations allow for future expansion. After printing, the toner is fused
to the paper with a radiant, nontouch heat process. The paper is cooled down
after fusing. In the Xeikon DCP/32D and DCP/50D engine, a glossy finish can
be applied to the paper by enabling the gloss enhancement unit inside the
engine. The gloss enhancement unit applies pressure and heat to further even
out the toner surface. At the final step, the printed material is cut in proper size
inside the tower and stacks up in the paper output unit. For more information
on the technologies that are used in the Xeikon print engine, see appendix C.
Xeikon System Workflow
As a digital printing system, Xeikon prints directly from a computer to the
press. All the elements of a printed project are in the electronic form, imposed
for the press. The digital file is created in any native software application, then
an operator loads and checks the file in the preflight steps. If the file is set
appropriately for the press, the operator will then save it in the PostScript page
description language and send it to the RIP server where the Xeikon RIP inter
prets the data and controls the press. The RIPped file is stored in the print
queue and it is sent to the print engine for imaging.
Conventional Xeikon Workflow of Tone-Reproduction Correction
Conventionally, when the print output requires color adjustment, the digital file
will be changed. The file is sent back to the prepress workstation and the
RIPping process is repeated. The conventional workflow for tone reproduction
11
correction is shown in Figure 2.2.
Conventional
t
PS file
Job Creation from
host computer :
Photoshop,
QuarkXPress, etc.
Xeikon
Server Xeikon RIP Print
Figure 2.2 Conventional Xeikon workflow of tone-reproduction correction
Proposed Xeikon Workflow of Tone-Reproduction Correction
"As is the case with the Xeikon DCP/32D, the first print serves as the proof. If
the color adjustment is necessary, these are enabled by the software running the
machine"(Talhami, 1999, p.5). The Xeikon digital printing system provides the
dot gain setting adjustment at Xeikon RIP. Another possible way to improve the
tone reproduction of the image is the adjustment of the dot gain setting in the
RIPping process, without changing the native digital file. The proposed work
flow for this method is depicted in Figure 2.3.
Proposed Changing dot gain setting
Job Creation from
host computer :
Photoshop,
QuarkXPress, etc.
PS file Xeikon
Server
1 '
Xeiko" RTP prii-*
Figure 2.3 Proposed Xeikon workflow of tone-reproduction correction
Reproduction Aspects
In this research, the following reproduction aspects will be used to analyze the
print quality from the Xeikon printing system. They are density, tone reproduc
tion, dot gain, and gray balance.
12
Density
Density refers to light absorbing property of a substrate. It can be measured on
either reflecting materials such as paper, or transmitting materials such as film.
It is defined mathematically with the following equation in which R is
reflectance and T is transmittance.
Density = log10 1/%R; Density = log10 1/%T
Densitometer is the device used to measure density. By using primary color fil
ters, the densitometer enables the densitometric measurement of each subtrac-
tive color.
Solid ink density can be computed from 100% dot area. On a conventional
press, colors can be adjusted by varying the amount of cyan, magenta, yellow,
and black inks with ink keys while digital presses allows the operator to adjust
density on the fly. This means that the operators can actually change the sizes
of the dots during the press run.
Tone Reproduction
Tone reproduction is "a method to evaluate every phase of the printing system
from the tones of the original photograph to the tones in the final reproduc-
tion"(Noga, 1998, p.l). To determine the quality of tone reproduction, the rela
tionship between the densities of the original and densities of the reproduction
is plotted.
The Plate /Press characteristic curve is a part of the tone reproduction study.
This curve involves plotting the density of the reproduction against the percent
13
dot area of the halftone. Its objective is "to understand the relationship between
the image carrier and the printing press (to learn how the press prints)"(Noga,
1998, p.4). Since the Xeikon digital printing system does not require films, the
percent dot allocated in the digital file is used. Talhami (1999) said that "it is
possible to determine the adjustments that are needed in the films or digital
image to produce the best possible reproduction from that particular printing
condition"(p.5).
"Because it is rarely possible to achieve the same [maximum density] in a print
ed reproduction as in an original photograph, it is usually necessary to adjust
the process to compress the range of density found in the
original"(Cost, 1997,
p.135), so that the reduced density range obtainable in the reproduction presents
the best compromise. "By changing the shape of this curve, the tone reproduc
tion can be altered to suit the particular type of original (Cost, 1997, p.137).
Dot Gain
Dot gain is the enlargement of halftone dots, causing changes in colors or tones
on the press resulting in a loss of detail in some areas of the image. The amount
of dot gain can be computed from the measured dot area relatively to the
desired dot area of a tint.
Gray Balance
Gray balance is "the proper amount of cyan, magenta, and yellow printing to
produce a gray scale with no apparent dominant hue"(Romano, 1997, p.288).
"It is the ability to reproduce a neutral gray object in the original as perfectly
neutral gray in the (Noga, 1998, p.8). It is a criterion for evaluat
ing the quality of printed image from four-color process.
14
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Chapter 3
Review of the Literature
This chapter includes information on the following digital printing subjects: his
tory, definition, advantages, disadvantages, the application and market trends.
In addition, the highlight on Xeikon digital printing was included. Most of the
information that the author included in this chapter was published after the
introduction of digital printing for high quality output with high speed in 1990.
The author rarely found the information published before 1990 because the digi
tal printing was still in development.
History of Digital Printing
Digital printing was developed many years ago. Oittinen (1985) mentioned the
primary developers of digital printing included printer and system manufactur
ers. Printer manufacturers were generally manufacturers of computers for data
processing while system manufacturers included companies, which specialized
in a particular application.
Bruno (1995) discussed the early age of the digital printing that, "The first
announcement of a digital printing system for variable information was in 1970
by Energy Conversion Devices. It used a thin-film, low-cost amorphous glass
like semiconductor that could be imaged by a laser, developed by a toner, trans
ferred to paper, and the image could be quickly erased and changed. With the
advent of ink jet printing (which uses ink drops sprayed on the materials) in
16
1970, the first commercial digital printing systems for variable information were
the Mead Digital multiple-array ink-jet Dijit printers introduced in
1972" (p.2).
According to Duffield (1974), "Dijit printing is a form of ink jet printing in
which a closely-spaced array of jets are employed. This arrangement permits
high(er) printing speeds (than the other ink jet printers)"(p.H6). It produced
good line arts but lost the details for halftone images. As a result, the ink-jet
newspaper project was terminated because of speed limitations.
Many digital printers were increasingly developed and introduced in 1970s.
According to Romano (1996), "In 1977, Xerox introduced the 9700 laser printer
(which used electrophographic technology). It was ushered in an age of digital
laser printing that eventually found its way to virtually every desktop. It also
spawned considerable interest in, and eventual application of, the concept of
demand printing and
publishing"(p.26). Seybold (1978) mentioned the Xerox
9700 had a significant impact on the graphic arts industry. It accepted input (via
computer magnetic tape or on-line interface) which was formatted for output by
a computer system. Xerox Corporation (1978) described the Xerox 9700 as a
direct-output electronic printing which was "the process of imaging typeset out
put and other graphics directly onto the pieces of
paper"(p.3).
Besides Xerox company, other companies including IBM, Honeywell,Wang
Labs, Siemens, and several Japanese companies had invested a great deal of
time, money and effort in direct-output electrophotographic printing, high reso
lution inkjet printing, and other technologies. According to Seybold (1981), the
digital printers in 1981 on the market mainly used the electrophotographic tech
nology. They were attractive for a wide variety of publishing applications
including manuals, documentation, loose-leaf publishing, financial printing,
business and tax forms, and insurance policies, forms and policy booklets.
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During the 1980s, a number of the digital printers appeared for publishing
applications. In the early 1980s, the following digital printers were found.
1. P400 by Agfa-Gevaert, used an LED array as the output image genera
tor which was determined as the highest-quality electronic printer on
the market.
2. Canon LBP-CX by Canon, used a semiconductor laser and a six-sided
polygon laser to generate the images, suitable for personal computers
and office uses.
3. IBM 4250 by IBM, an electro-erosion printer which burned away the
aluminum coating on a special silver paper for imaging.
4. Delphax series by Delphax, a printer used ion deposition process
instead of electrophotography.
5. HP2680 A by Hewlett-Packard
6. Datapoint 9660 by Datapoint
7. Imprint-10 by Imagen
According to Bruno (1995), in the mid 1980s, AM Electropress, developed by
Harris Intertype Corp. was an electrophotographic system which used early
Indigo (Landa) technology and toner (Electrolnk) that could simultaneously
print two colors on one side of the paper, or one color on each side.
Romano (1996) describes digital printers as follows: "In 1989, the Canon Color
Laser Copier coupled with various interfaces to electronic page files held out the
promise of on-demand color printing. Although it lacked the speed and duplex
ing capability, it did create a de facto demand color
market"(p.27).
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In early 1990, "the single-color digital printing became a hot topic following the
announcement and introduction of the Xerox Docutech 600 dpi laser printer fol
lowed closely by Kodak's 3292 Lionheart 300 dpi PostScript compatible
machine. Later, digital printing became the worldwide printing industry hot
topic when two companies, Indigo and Xeikon, announced and then showed
their digital printing systems at the international IPEX graphic arts exposition at
Birmingham, England in 1993" (Lamparter, 1997, p.1-2).
In 1991, Heidelberg GTO-DI, the first four-color offset digital printing process
was introduced at PRINT 91 in September 1991. According to Romano (1996),
In 1991, Heidelberg introduced the concept of on-demand color reproduc
tion. In concept it created printing plates on a traditional offset printing
press, effectively solving the registration problem associated with the
four-color printing process. The plates were created with a spark dis
charge which then allowed them to print without water, effectively solv
ing the ink and water balance problems associated with offset lithogra
phy. Within two years, laser technology was introduced to bring the sys
tem up to commercial quality levels. In 1995, the 2-up Quickmaster-DI
and in 1996, the Omni-Adast 4-up systems were introduced.
These systems whetted the appetite of the market for instantaneous
reproduction of black and white and eventually for color pages. In 1993,
the technology for short run on demand color printing was introduced
(p.27).
Kerrigan's (1997) description of digital printing is as follows:
Digital printing officially began in 1991, when Heidelberg USA intro
duced its direct imaging process, but it was not until the introduction of
three digital presses in 1993Indigo's E-Print 1000, Xeikon's DCP-1, and
Agfa's Chromapress that the significance of this new technology was
recognized. The year 1993 was a watershed year for digital imaging tech
nologies. It put digital printing in a new perspective and established it as
a segment of the printing industry. It introduced new systems and
defined the boundaries for the different types of systems. Two compa
nies, Indigo and Xeikon, showed the first digital printing capable of pro
ducing full color work of sufficient quality at the IPEX event in the fall of
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1993 in Birmingham, England. Agfa also introduced the Chromapress,
which utilizes the printing engine of the Xeikon DCP-1 but controls the
press with Agfa's proprietary front-end system.
Definition of Digital Printing
The definitions of digital printing can be found in many aspects. Some define in
terms of technologies, some mention the elimination workflow, and some define
it as the use of digital files. Talhami (1999) agrees that "digital printing involves
a digital file, usually created in a page layout application, that can be directly
expedited to an output device and printed without the need of film"(p.4). He
also mentions that "Digital printers are capable of printing directly from digital
information residing in an electronic file on a computer, bypassing the multiple
and time-consuming steps of film output, proofing, imposition, and plate-mak
ing required by traditional methods"(p.l). Kotok (1997) describes digital print
ing in this way: "it combines the computer's ability to collect and manipulate
text and image information in electronic form with the press ability to deliver
large numbers of high-quality printed pieces"(p.l7). In the book Digital
Printing, Noel Jeffrey (1996) states that digital printing is "a process in which
digital information is first prepared with graphic arts software applications and
saved in electronic files. Then information is printed directly from those files on
one of several new kinds of printing devices that use a variation of the offset
printing process"(p.ll). Fenton and Romano (1997) gives the advanced defini
tion of digital printing as:
" it would be any printing that uses a rasterization
process to produce image carriers or to replicate directly to substrate from digi
tal document files"(p.8-9).
Advantages of Digital Printing
Unlike conventional printing system, digital printing has the advantages of uses
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for on-demand, short-run, distributed, and fast-turnaround printing (as seen in
Appendix A). According to Kotok (1997), "Digital printing makes print a more
powerful communication medium. Companies can collect more data in elec
tronic form about individual customers, such as buying habits, income levels
and lifestyle variables described earlier in our discussion of increased audience
precision. This information can produce marketing materials aimed at an indi
vidual rather than at an impersonal mass audience"(p.18-19). Talhami (1999)
discusses the following advantages of digital presses that, "they require less
makeready and eliminate all the painstaking and time-consuming procedures of
outputting film, proofing, and platemaking. An exclusive advantage of digital
printing is that some devices are capable of combining marketing databases
with digital files at Raster Image Processor (RIP) level and printing personalized
documents"(p.l). Frank Romano, a professor in School of Printing Management
and Sciences, Rochester Institute of Technology, points out the major business
opportunity of digital printing in the book Digital Media: "digital printers can
hold documents and images in electronic archives and print them as needed.
Instead of keeping a big room full of film flats (negatives) the printer will have a
big storage system and great retrieval capabilities to print on demand any
where"(1996, p.19).
Digital printing can achieve just-in-time work. According to Fenton and
Romano (1997), "The concept of
'just-in-time'
(JIT) delivery is changing the
nature of the printed product. Rather than printing long runs in order to maxi
mize the cost idiosyncrasies of the color printing process, prudent print buyers
are acquiring smaller volumes to meet immediate demands. JIT delivery not
only mandates short runs, it also mandates very fast turnaround. Major cost
advantages in the JIT approaches are the reduction in warehousing costs and the
ability to make changes to new runs more advantageously. These advantages
are possible with on-demand and digital color
printing"(p.42). In the book
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Digital Media, Romano (1996) mentions the forces in the present publishing mar
ket, which combines to create a strong need for digital printing. He states: "The
world needs information faster than ever. Businesses are changing rapidly
Information of all kinds increasingly assumes a digital format. Products are
upgraded or improved more quickly. Marketing continues to focus on more
carefully defined target groups. Print communication continues to be the
world's most widely used method, and the cost advantages of just-in-time (JIT)
manufacturing are being extended to include promotion and
printing"(p.26).
Disadvantages of Digital Printing
According to Talhami(1999), the disadvantages of the digital printing are as fol
lows:
1. Lower quality the electrophotographic digital printing systems
produce a lower resolution and color quality with respect to tra
ditional offset lithography press.
2. Slow speed digital technology is considerably slow with
respect to traditional printing processes.
3. Mechanical reliability machines tend to break down easily.
4. Limited press sheet size.
5. Limitation to four-color reproduction the Xeikon DCP/32D
and Indigo are capable of printing one and two more colors
respectively only after being retrofitted.
Talhami (1999) also indicates that the cost per print of a digital press is much
higher than that of a traditional press, although in the short-run segment of
industry, the digital press is the most competitive. With any digital prepress
workflow, the integrity of digital files is of the utmost importance. If an image
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file or graphic file becomes altered unintentionally or deliberately, colors, file
formats, design element spacing, or any graphic characteristics of a design may
cause problems. In addition, because files are directly expedited from page lay
out applications to the press, file sizes are limited by the capabilities of front-end
devices.
Digital Printing Applications
Digital printing is used for on-demand, short-run, distributed, fast-turnaround,
and variable-data printing (see Appendix A). Kotok (1997) states that digital
printing is used to personalize direct mail brochures. In addition, customized
inserts in catalogs or pages showing items similar to those ordered by the recipi
ent are more examples of digital printing producing a more customized and
potentially more effective marketing product. Another application of digital
printing is its use in package design and packaging. Digital printing offers cost
savings in shipping costs for short-run, full color labels, and packages compared
to the usual use of offset, flexography, and gravure.
Kotok (1997) also discusses the use of digital printing with telecommunication
as follows:
By combining digital printing with telecommunications, one can greatly
reduce the delivery timetable of printed products. Most printing plants
today use a print-and-deliver approach; the job gets printed, loaded on
trucks or put in the mail, and gets delivered to the customer or its audi
ences. With digital printing and telecommunications, the customer or an
electronic service bureau can design the pages, assign them to forms, and
send the images electronically to many local printers for production.
This approach reverses the process of deliver-and-print, and gets the
message into the hands of audience quicker (p.22).
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Shuster (1996) gives another opinion on digital printing applications:
The applications for digital printing increase every day. Designers can
gain a competitive edge when they present their ideas, in multiple varia
tions, in a high-quality form. Corporations become more efficient with
just-in-time printing, keeping information fresh, stretching deadlines, and
saving warehouse space. Marketers achieve higher response rates when
they focus on their audience with personalized mailings. And any ordi
nary B&W or 2-color document delivers greater impact when presented
in full color (p.l).
Lastly, according to Romano (1996), the list of documents that print better in a
digital printing system includes "customized newsletters and magazines, short-
run marketing pieces and catalogs, on-demand computer manuals, software
documentation, hardware manuals, instant trade show publications, personal
ized presentation handouts, real estate brochures, mailers, catalogs, supermarket
circulars, test marketing materials, CD booklets, business cards, and large-for
mat posters"(p.27).
Market Trends in Digital Printing
The development of the digital presses is being driven by changes occurring in
the marketplace simultaneously with prepress operations completing their con
version to almost total digital processing and output. The growing utilization of
digital printing is the logical extension of digital prepress into the pressroom
(Lamparter, 1997).
Currently, digital printing systems are used widely. In Emeriau's study on digi
tal presses, he mentions that there are 3,500 digital color presses in production
all over the world, 1,400 presses were manufactured by Xeikon, 1,300 presses by
Indigo, and 750 presses by Heidelberg.
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Frank Romano provides an overview on digital printing market trends in the
book Delmar's Dictionary ofDigital Printing and Publishing. He states:
Almost 56% of commercial, book, and office printing including duplicat
ing and copying is in the category of run lengths from 500 to 5,000
impressions. With the use of digital printing processes, by the year 2000,
the amount of 4-color printing in this run-lengths market will more than
quadruple. Color will increase as a percentage of total reproduced pages
as it becomes easier to areas may also have short-run requirements. The
trend toward elimination of inventories and printing shorter runs has cre
ated many new markets for short-run printed products (1997, p.442).
According to Lamparter (1997), "the mass of research and resources being chan
neled into the development of digital printing equipment strongly suggests that
over the next few years there will be technology developments which will cata
pult digital printing into the role of a major printing process"(p.l77). Lamparter
(1997) in his prediction of the future of digital printing indicates that "by the
time period of 2010-2015 digital printing single color, multi-color and
process-color will become the predominant printing methodology"(p.l78).
Highlight on Xeikon Digital Printing System
Overview
Xeikon digital printing system is a web-press system using electrophotographic
technology. This system sends digital files directly to the press, bypassing the
film- and plate-processing step. Consequently, the production workflow of this
system is shorter than that of offset printing system.
Advantages of Xeikon Digital Printing System
Eliminating the need of films and plates from the production, Xeikon digital
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printing system reduces set-up costs, speeds up production cycles and makes it
possible to print 4-color high quality documents quickly and easily. "All of the
Xeikon's presses print and process jobs in an uninterrupted sequence enabling
instant job proofing and quick job switching that cuts downtime to an absolute
minimum. Providing short-run 4-color services to customers opens up new
markets for the business and acts as a differentiator to customers whose compa
nies work with time-sensitive information" (Prime Source Corporation, p.2).
Fleming (1999) discusses the major advantages of Xeikon digital printing sys
tem:
1. Lower costs in high-volume operations, print providers using Xeikon-
brand presses pay significantly less for consumables and maintenance
than users of any other digital presses.
2. Reduced turnaround time in short runs, the Xeikon presses run jobs
up to several times as fast as their offset competitors.
3. Increased capacity and scheduling flexibility Xeikon presses provide
greater productive capacity in a given time period, resulting in
increased scheduling flexibility and reduced requirements for invest
ment in additional capacity to accommodate peak demand.
4. Higher profitability lower costs and higher net productivity translate
into higher profits for print providers using Xeikon-brand presses.
Disadvantages of Xeikon Digital Printing System
Substrate variances and conditioning are major problems for the Xeikon digital
printing system. Talhami (1999) mentions that the system has to be conditioned
for relative humidity and temperature in order to achieve optimal print quality.
Fenton (1997) also mentions that the Xeikon based products were manufactured
in European sizes. It is required that the paper be converted for American
presses. In addition, some coated papers that do not withstand high tempera
tures produce a less glossy print. However, in spite of these challenges, Xeikon
digital printing system is still being used worldwide.
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Markets of Xeikon Digital Printing System
It was reported in an announcement on the Xeikon website that "the Xeikon
Company distributes its equipment through Original Equipment Manufacturers
(OEMs) and a global network of more than 30 Value-Added Distributors
(VADs). Xeikon's OEMs include Agfa-Gevaert, IBM, Nilpeter and Xerox. Their
VAD partners include PrimeSource [distributor in USA] and Sakata [Distributor
in Japan]"(Xeikon Fact Sheet). "In a move that will maximize its customer focus
and service in its primary markets, Xeikon has created five business units dedi
cated to its primary markets, and backed by an expanded marketing group.
The new business units will concentrate on further developing and expanding
Xeikon's digital color printing solutions for commercial printing, production
variable data printing, packaging printing, label printing and special applica
tions [such as decoration and secure printing]"(Xeikon Announces New
Structure).
Conclusion
Digital printing was developed many years ago. In the early 1990s, digital
printing officially began for high quality output. It enables printing directly
from the digital file to the press, bypassing the time-consuming steps of film
and plate processing required by conventional methods, thus suitable for just-
in-time work. Although it has slower speed and lower quality than the conven
tional methods, its growth has increased for short-run, on-demand, distributed,
fast-turnaround, and variable-data printing. Xeikon, which was studied in this
research, is a web digital press system using electrophotographic technology. It
reduces set-up cost, and speeds up production cycles to print four-color high
quality documents which results in the wide use of Xeikon in many printing
businesses.
27
Works Cited
Bruno, Michael H. (1995). Printing in a Digital World: A Summary ofDigital
Printing Systems. Sewickley, PA: Graphic Arts Technical Foundation, 2, 3.
DCP/32D Xeikon Digital Color Printing [Brochure], (n.d.). Seattle, WA:
PrimeSource Corporation, 2.
Duffield, Peter L. (1974). Dijit Inkjet Printing. 2974 Proceedings TAGA.
Rochester, NY: Technical Association of the Graphic Arts, 116.
Emeriau, L., & Romano, Frank J. (1999, January 13). Case Studies: Digital
Presses. Fr. Graphique. [journal online]. Available: PIRA database on the web
[1999, December 10].
Fenton, Howard M., & Romano, Frank J. (1997). On-Demand Printing: The
Revolution in Digital and Customized Printing. Sewickley, PA: Graphic Arts
Technical Foundation, 8-9, 42, 94, 95.
Fleming, Mark (1999). Digital Color on Demand. Seattle, WA: PrimeSource
Corporation, 7.
Jeffrey, Noel (1996). Digital Printing: A Guide to the New World ofGraphic
Communications. Torrance, CA: Micro Publishing Press, 11, 18-19.
Kerrigan, Jennifer A. (1997). Digital Color Press Technologies: Analysis of the
Printing Characteristics as compared with SWOP. M.S. Thesis, Rochester Institute
of Technology, Rochester, New York, 1.
28
Kotok, K., & Lyman, R. (1997). Print Communications and the Electronic
Media Challenge. Plainview, NY: Jelmar Publishing Co., Inc., 17, 22.
Lamparter, W. (1997). A Management Guide To Digital Printing. Alexandria,
VA: Printing industries ofAmerica, Inc., 1, 2, 178.
Ottinen, P., & Sarelma, H. (1987). Trends in Electronic Printing. Graphic
Arts in Finland, 16. (3). Finland, 7.
Romano, Frank J. (1996, July). Digital Media: Publishing Technologies for the
21st Century. Torrance, CA: Micro Publishing Press, 19, 26, 27.
Romano, Frank J. (1997). Delmar's Dictionary ofDigital Printing &
Publishing. Albany, NY: Delmar Publishers, 442.
Seybold, John W. (1978, October 30). Xerox shows its hand. The Seybold
Report, 8. (4). Media, PA: Seybold Publications, Inc., 26.
Seybold, John W. (1982, April 12). Seybold Seminar Presentation:
Electronic printers for publishing. The Seybold Report on Publishing Systems, 11.
(15). Media, PA: Seybold Publications, Inc., 6-8.
Seybold, Jonathan (1981, January 26). Xerox Takes Aim at Publishing
Applications for Electronic Printers: 9700, 5700, and XICS. The Seybold Report, 10.
(10). Media, PA: Seybold Publications, Inc., 2.
Seybold, J., & Douglas S. S. (1984, April 23). Report from Santa Monica,
Part III: Electronic Printers for Publishing Applications. The Seybold Report on
Publishing Systems, 13. (15). Media, PA: Seybold Publications, Inc., 25.
29
Shuster, Robert (1996). An Introduction to Digital Color Printing. Agfa-
Gavaert N.V, 1.
Talhami, Jose S. (1999). A File Preparation Tutorial to Digital Printing for
Graphic Designers. M.S. Thesis, Rochester Institute of Technology, Rochester,
New York, 1, 4, 12.
Xeikon Announces New Structure To Drive Worldwide Digital Color Print
Expansion [Online]. (1999, April 15). Available:
http://www.xeikon.com/news990415_3.htm [1999, November 15].
Xeikon Facts Sheet [Online], (n.d.). Available:
http://www.xeikon.com/fsheet.htm [1999, November 15].
Xerox Corporation (1978, November 13). Electronic Printing and the
Xerox 9700. The Seybold Report, 8. (4). Media, PA: Seybold Publications, Inc., 3.
30
Chapter 4
Statement of Project Goal and Hypothesis
Just-in-time work is an integral part of the workflow process in the printing
industry. Digital printing systems reduce the traditional production steps and
provides many automated steps to accomplish just-in-time work. Xeikon is a
digital printing system that eliminates the process of plate and film production
by sending digital files directly to the press. It is a web-fed press that uses elec
trophotographic technology to create information that will be transferred onto
the substrate.
Job Creation from
host computer :
Photoshop,
QuarkXPress, etc.
PS file Xeikon
Server
Xeikon RIP
Xeikon Print Engine
(Print)
Figure 4.1 Job workflow ofXeikon digital printing system
As shown in Figure 4.1, in the current printing process of Xeikon, the digital file
is prepared as a PostScript file and transferred to the Xeikon server and Xeikon
RIP respectively. The computer section at the Xeikon RIP will RIP the file and
transfer the information to the Xeikon print engine. At the printing units of the
Xeikon print engine, the information is imaged on the photoconductor drum
and is then transferred to the substrate.
When the print output is produced with unacceptable tone reproduction, con-
ventionally(as seen in figure 4.2), the digital file can be changed to correct the
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tone reproduction of the image. However, to do this, the file will be sent back to
the prepress workstation and RIPped again.
Conventional
t
PS file
Job Creation from
host computer :
Photoshop,
QuarkXPress, etc.
Xeikon
Server Xeikon RIP
Xeikon Print Engine
(Print)
Figure 4.2 Conventional workflow of tone-reproduction correction
Since the Xeikon digital printing system provides the dot gain setting adjust
ment at the Xeikon RIP unit, it is possible to improve the tone reproduction of
the image by adjustment of the dot gain setting in the RIPping process without
changing the native digital file. The workflow for this proposed method can be
seen in Figure 4.3.
Proposed Changing dot gain setting
PS file
'
Job Creation from
host computer :
Photoshop,
QuarkXPress, etc.
^
Xeikon
Server
Xeikon RIP
Xeikon Print Engine
(Print)
Figure 4.3 Proposed workflow of tone-reproduction correction
The benefits of this proposed process include:
1. Reducing the bottleneck in prepress
2. Minimizing prepress variables
3. Protecting customer file integrity
Subsequently, the project goal addressed in this study is to examine how vary
ing the dot gain setting in the RIPping process can improve the workflow of the
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Xeikon digital printing system. The conventional and proposed correction
workflow was performed and the outcomes were evaluated. The Xeikon
DCP/32D digital printer was used in this study. The hypothesis of the study is
as follows:
Varying the dot gain setting in the RIPping process of the
Xeikon digital printing system can improve the workflow
while maintaining the image quality.
To test this hypothesis, the conventional and proposed correction workflow was
performed. The following aspects will be evaluated:
1. Tone reproduction
2. Dot gain
3. Gray balance
4. Solid ink density
5. Sample Image
It is hoped that if the hypothesis proves true, the outcome of this research can
be applied to the operation of the Xeikon digital printing system. As a result,
this could be beneficial to the graphic communication industry by minimizing
the job workflow, reducing the production time, and providing improved just-
in-time work to the Xeikon digital printing system.
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Chapter 5
Methodology
The hypothesis of this research project is:
Varying the dot gain setting in the RIPping process of the
Xeikon digital printing system can improve the workflow
while maintaining the image quality.
To test this hypothesis, an observational research method was used. This
methodology involved press runs on the Xeikon digital printing system and
objective sample evaluations. The test procedure was divided into six parts.
These parts are described below.
Part 1-File Preparation
Test targets were created to examine tone reproduction, dot gain, solid ink den
sity, and gray balance; and a sample image were included for evaluation (see
Appendix D for the printed target sample).
1. Dot-percentage variation of cyan, magenta, yellow, and black colors, from 0%
to 100%, with 5% increments were included in a patch target for tone repro
duction, dot gain, and solid ink density.
2. The 25, 50, and 75 dot percentages of black color and the combination of
three colors (cyan, magenta, and yellow), which were to simulate neutral
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gray, were included as a gray balance target. According to the gray balance
of the Specifications for Web Offset Publications (SWOP), which is used as a
standard in printing industry :
at 25% black, the combination used is 25% cyan, 16% magenta, and 16%
yellow.
at 50% black, the combination used is 50% cyan, 39% magenta, and 39%
yellow.
at 75% black, the combination used is 75% cyan, 63% magenta, and 63%
yellow.
3. The ISO300 musicians digital image, with various skin tones, which is the
standard image of ISO (International Organization for Standardization) for
tone reproduction evaluation, was included for image evaluation.
The test targets were created as CMYK-TIFF files in Photoshop application in
which dot gain of each target will be set at 0% and they were put together as
well as the sample image in QuarkXPress application.
Part 2-Conventional Workflow
The digital file from the Part 1 was taken through the following steps and the
time usage for each step was measured.
1. The digital file from Part 1 was saved as a PostScript (PS) file.
2. The PS file was transferred to the Xeikon server.
3. The Xeikon RIP application (Barco Graphic Fast RIP is used for this project)
RIPped the PS file. In the RIPping process, the Sofocles screen type and the
data depth value of 4 were set for smooth continuous tone reproduction.
And the dot-gain percentage parameter was set at 0 percent.
4. The RIPped information was transferred to the Xeikon print engine and 50
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prints were generated. This was "appropriate for a digital press to achieve
the correct temperature and densities"(Kerrigan,1997. p.46). The printed tar
gets were used to analyze the quality as indicated in Part 5, and the printed
image was used to evaluate the sample image as indicated in Part 6.
5. The digital file from Part 1 was changed for the dot gain setting parameter of
-5, 5, 15, 25, and 35 percents in Photoshop application. The file was saved as
a PS file, and steps 2 to 4 of Part 2 were repeated.
Part 3-Proposed Workflow
The digital file from Part 1 was taken through the following steps below and the
time usage for each step was measured.
1. The digital file from Part 1 was saved as a PostScript (PS) file.
2. The PS file was transferred to the Xeikon server.
3. The Xeikon RIP application (Barco Graphic Fast RIP was used for this project)
RIPped the PS file. In the RIPping process, the Sofocles screen type and the
data depth value of 4 was set for smooth continuous tone reproduction. And
the dot-gain percentage parameter was varied by setting the values at -5%,
5%, 15%, 25%, and 35%.
4. The RIPped information from each dot-gain setting was transferred to the
Xeikon print engine and 50 prints (of each dot-gain setting) were generated.
The printed targets were used to analyze the quality as indicated in Part 5,
and the printed image was used to evaluate the sample image as indicated in
Part 6.
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Part 4-Time Analysis
The overall time usage of the steps for conventional workflow and proposed
workflow was documented. This indicated the time differences between con
ventional and proposed workflow.
Part 5-Quality Analysis
The fiftieth prints from each dot gain-setting value were used for analysis. The
measurement or the comparison of the following targets at the same dot-gain
setting value from Part 2 and 3 were made.
1. Tone reproduction. Density was measured by a calibrated XRite densitome
ter via patch target of each color, and tone reproduction curves (Plate/Press
characteristic curves) were plotted.
2. Solid ink density. The density of each color at 100% was measured for solid
ink density values with the same densitometer.
3. Dot gain. Each color measured the dot-percentage value with the same den
sitometer and the dot-gain percentage was plotted against the dot percent
age of the original to create the dot-gain curve.
4. Gray balance. Each pair of 25, 50, and 75 percent dots of black and the com
bination of three colors was compared.
Part 6-Sample Image Evaluation
The comparison of images from Part 2 and Part 3 were made. The sample
images were divided into two groups. The first group, using the fiftieth prints,
was compared to the images from the conventional and proposed workflow at
the same dot gain setting. The other group, using the forty-ninth print, was
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compared to the images varying the dot gain setting from the same workflow.
The image samples were reviewed by a group of 20 observers. This group of
observers were people working in the field of printing or studying in the School
of Printing Management and Sciences (SPMS), Rochester Institute of Technology
(RIT). Based on their knowledge, backgrounds, and experiences, this proposed
group were consisted of five subgroups with four observers in each subgroup.
The five subgroups included:
1. Professors, SPMS
2. Third-year undergraduate students, SPMS
3. Fourth-year undergraduate students, SPMS
4. Graduate students, SPMS
5. Technical associates that support SPMS
The test group observed the samples under 5000 Kelvin illumination which was
used as standard viewing condition. The evaluation data were collected and
plotted as a histogram for analysis.
Image Comparison from the Conventional and Proposed Workflow, at Each Dot Gain
Setting
For each dot-gain setting, the fiftieth prints from Part 2 (conventional workflow)
and Part 3 (proposed workflow) were evaluated by the observers to determine
whether the overall visual quality between the two were comparable. The sam
ples were prepared in pairs with the same dot gain setting. Each pair was put
on a gray card to minimize the environmental interference. The questions to the
observers were as follows:
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1. Is the overall visual quality of the prints from conventional and proposed
workflow same?
2. If they are different, which print is more preferable?
Image Comparison from Varying the Dot Gain Setting, at Each Workflow
The images were divided into two sets, one from Part 2 (conventional work
flow) and the other from Part 3 (proposed workflow). For each workflow, the
forty-ninth print varying the dot gain setting was evaluated by the observers to
determine which workflow gives the more acceptable visual quality images. In
addition, the best quality image from each workflow was chosen to find out the
most suitable dot gain setting value for each workflow. Each sample set was
put together on a gray card to minimize the environmental interference. The
question to the observers were as follows:
In each workflow with the different dot gain setting, which samples are
of acceptable quality and which is the best quality?
The questionnaire for this part could be found in Appendix E.
Equipment, and Facilities
The equipment, and facilities used in this thesis project were as follows.
Equipment
Software application Adobe Photoshop 5.0, Microsoft Excel 98, and QuarkXPress
3.32r2
Front-end system DIS/F
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RIP software Barco Graphics FastRIP/X
Printing engine Xeikon DCP/32D
Densitometer XRite Model#418 STATIS E
Substrate Environment Writing Wove 90 GSM frin Neenah Paper
File storage ZIP disks (Fujifilm ZIP, Mac Formatted)
Miscellaneous Standard viewing booth (with 5000Kelvin illumination)
Stop watch
Facilities
The following laboratories located in the School of PrintingManagement and
Sciences (SPMS) and Center for Integrated Manufacturing Studies (CIMS),
Rochester Institute of Technology (RIT) were used for creating the digital files,
running the jobs, viewing samples, and typing the thesis project.
Electronic Prepress and Publishing Laboratory, SPMS
Gannett Computer Laboratory, SPMS
Booth Computer Laboratory, SPMS
Prepress Imaging Laboratory, SPMS
Digital Laboratory, CIMS
Limitations of The Study
The limitations of the study were as follows:
1. The sample population include only SPMS people at RIT. The result
would vary in any other groups.
2. Only Xeikon digital printing system was studied in this research. The
research did not apply to any other digital printing systems, such as
Indigo, Docutech, etc.
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3. The time usage of each workflow step depended on file sizes. This
research studied only one native digital file; thus, the time usage
would be different if the file sizes were different.
4. The research included only one sample image (ISO300 musicians digi
tal image) for observational evaluation. However, the result might
vary in any other images.
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Chapter 6
Results
6.1 Time Analysis
In order to prove that varying the dot gain setting in the RIPping process of the
Xeikon digital printing system can improve the workflow, a time usage compar
ison between setting the dot gain at the prepress workstation (conventional
workflow) and at the Xeikon RIP (proposed workflow) was conducted.
% Dot Gain
Setting
Timeusag;e (minute.second)
File Preparation Creating PS file*
and file transfer
RIPping Printing Total
Conventional
0 0.00 1.50 0.30 3.30
-5 3.00 1.50 0.30 4.15
5 3.00 1.40 0.30 4.45
15 3.00 1.45 0.30 4.00
25 3.00 1.50 0.30 3.45
35 3.00 1.45 0.30 3.40
Total 15.00 10.40 3.00 23.55 47.35
Proposed
0 0.00 1.50 0.30 3.30
-5 0.00 0.00 0.30 3.00
5 0.00 0.00 0.30 3.40
15 0.00 0.00 0.30 3.30
25 0.00 0.00 0.30 3.30
35 0.00 0.00 0.30 3.30
Total 0.00 1.50 3.00 20.40 25.30
PS file* = PostScript file
Table 6.1 Time usage comparison of the conventional and proposed Workfloiv
As shown in Table 6.1, the time usage was divided into 4 major steps: file prepa
ration, PostScript file creation and transfer, RIPping, and printing (see Appendix
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F for more data). The total time usage of the conventional workflow was 47.35
minutes while the total time usage of the proposed workflow was 25.30 min
utes, with the difference of 22.05 minutes (or 46.41% reduction time from the
conventional workflow). The proposed workflow resulted in less production
time usage because the workflow eliminated the time usage for the file prepara
tion step, and the PostScript file was created and transferred only once.
Moreover, the range of the time usage for the printing step of each dot gain set
ting in the conventional workflow was 3.40-4.45 minutes while that in the pro
posed workflow was 3.00-3.40 minutes. The conventional workflow required
more time for the printing step than the proposed workflow because the print
engine cooled down while the operator went back to the prepress workstation
to arrange the file, save the file as PS format, and send it again to the Xeikon
server. As the result, the print engine needed more time to condition itself
before running the job. The PostScript file size of each dot gain setting for both
workflows was 10.8 MB, resulting in a time usage for RIPping of 30 seconds.
6.2 Quality Analysis
In order to prove that varying the dot gain setting in the RIPping process of the
Xeikon digital printing system would not impact the quality, the quality analy
sis of the output from the conventional and proposed workflow was done.
Additionally, the visual quality evaluation was completed (see section 6.3).
6.2.1 Tone Reproduction
The densities were measured from the color patch target, and the Plate /Press
Curves were derived to analyze tone reproduction (see Appendix G). As
shown in Figure 6.1, at 0% dot gain setting, the densities of each color increased
when the % dot area increased. The yellow showed the lowest density while
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Figure 6.1 Plate/Press curve of color patch at 0% dot gain setting
90 100
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the black showed the highest density. The curves of all the colors had higher
slopes from midtone to shadow (50-100% dot area) than those from highlight to
midtone (0-50% dot area). Also, they showed a smooth gradation of tone repro
duction with higher tone difference in the shadow area than in highlight.
Figure 6.2 showed the Plate/Press Curves of color patches from the convention
al and proposed workflow at -5%, 5%, 15%, 25%, and 35% dot gain setting.
As shown in figure 6.2, at each dot gain setting, the cyan color showed the low
est dot gain while the black color showed the highest dot gain. The change of a
dot gain affected each color similarly. At a -5% dot gain setting, in the midtone
area, the curves from the proposed workflow were slightly less inclined than the
curves from conventional workflow. However, in shadow areas, the curves
from the proposed workflow were more inclined than those from the conven
tional workflow. On the other hand, the proposed workflow produced higher
tone difference in shadow and lower tone difference in midtone. At a 5% dot
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Figure 6.2 Plate/Press curves of color patches from the conventional and proposed
workflow at different dot gain settings
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gain setting, the curves from the conventional and proposed workflow were
similar.
At 15% and 25% dot gain setting, in highlight area, the curves from the conven
tional and proposed workflow were similar; while in midtone and shadow
areas, the curves from the proposed workflow showed slightly lower densities
than those from the conventional workflow. At a 35 % dot gain setting, the pro
posed workflow produced a smooth gradation while the conventional workflow
produced a higher tone difference at midtone and lower tone difference at mid-
tone and shadow areas. The densities at 80-100".. dot area were constant in the
conventional workflow while thev were slightly increased in the proposed
workflow. These showed that the reproduction from the conventional workflow
had no tone difference while that from the proposed workflow had the tone dif
ference.
As the result of changing the dot gain setting in the conventional workflow,
when the ".. dot gain setting value was increased, the density values were also
increased, especially in shadow areas.
As the result of changing a dot gain setting in the proposed workflow, when the
% dot gain setting value was increased, the density values were also increased
in the overall areas.
6.2.2 Dot Gain
The dot gain data was collected as shown in Appendix H. The dot gain curves
were derived by plotting the % dot area against "<> dot gain as shown in figure
6.3.
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Figure 6.3 Dot gain curve at 0 % dot gain setting
From the dot gain curve above, the dot gain of the reproduction from Xeikon
digital printing system was not 0% although the dot gain was set at 0%. The
system produced a dot gain in the black, and magenta colors while it produced
dot loss in the cyan, and yellow colors. The black color showed the highest dot
gain while the cyan color showed the lowest dot gain. However, the dot gain or
dot loss values were close to 0% at shadow area.
Figure 6.4 showed the dot gain curves from the conventional and proposed
workflow at -5%, 5%, 15%, 25%, and 35% dot gain settings. In each dot gain set
ting, the black color showed the highest dot gain while the cyan color showed
the lowest dot gain. At -5% dot gain setting value, the conventional workflow
produced more dot gains than the proposed workflow. At a 5% and 15% dot
gain setting value, both conventional and proposed workflow produced dot
gain similarly. At a 25% and 35%, the conventional workflow produced a high
dot gain at the 50% dot area while the proposed workflow produced high dot
gain at the 15-30% dot area.
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Figure 6.4 Dot gain curves of color patches from the conventional and proposed -work
flow at different dot gain settings
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As a result of changing the dot gain setting in the conventional workflow, the
dot gain was increased, especially at midtone area, when the dot gain setting
value was higher. However, as a result of changing the dot gain setting in the
proposed workflow, the dot gain was increased, especially at the quarter tone
area when the dot gain setting value was higher.
6.2.3 Gray Balance
When setting the dot gain values at -5%, 5%, and 15%, there was no visual dif
ference between the gray balance targets from the conventional and proposed
workflow. However, when setting the dot gain value at 25% and 35%, the gray
balance targets from the conventional workflow produced slightly more blue
while the proposed workflow produced more neutral gray. In addition, com
pared to the proposed workflow, the conventional workflow produced lighter
tones at 25% gray but darker tones at 75% gray. In conclusion, varying the dot
gain setting parameter at the prepress workstation and at the Xeikon RIP dif
fered the gray balance when the dot gain setting value was high.
6.2.4 Solid Ink Density (SID)
Table 6.2 showed the solid ink density (SID) of the output from the conventional
and proposed workflow. The SID of cyan was 1.17-1.20, the SID of magenta was
1.13-1.16, the SID of yellow was 0.84-0.87, and the SID of black was 1.30-1.37.
The black had the most SID value while the yellow had the least SID value.
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% dot gain Cyan(C) Magenta (M)
Conventional Proposed Conventional Proposed
-5 1.17 1.20 1.14 1.14
0 1.18 1.18 1.13 1.13
5 1.17 1.21 1.13 1.16
15 1.17 1.21 1.14 1.16
25 1.19 1.17 1.13 1.16
35 1.18 1.18 1.13 1.14
% dot gain Yellow (Y) Black (K)
Conventional Proposed Conventional Proposed
-5 0.85 0.87 1.33 1.30
0 0.86 0.86 1.33 1.33
5 0.85 0.88 1.33 1.37
15 0.86 0.86 1.33 1.35
25 0.87 0.85 1.37 1.35
35 0.87 0.84 1.35 1.35
Table 6.2 Solid Ink Density of the output from the conventional and proposed workflow
Generally, the SID values from varying the dot gain setting parameter were
almost the same. Also, the SID values from the conventional and proposed
workflow were slightly different. The change of dot gain setting parameter,
either in the conventional or proposed workflow, did not change the SID value.
6.3 Sample Image Evaluation
This evaluation was done in order to determine that whether the proposed
workflow produced the same visual image quality as the conventional work
flow. For each dot-gain setting, the forty-ninth and fiftieth prints from the con
ventional and proposed workflow were evaluated by a group of observers to
determine whether the overall visual quality between the two was comparable.
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6.3.1 Image Comparison from the Conventional and Proposed Workflow, at
Each Dot Gain Setting
The images at the same dot gain setting from conventional and proposed work
flow were set in pairs. The questions for each pair were as follows.
The pair is
same.
If different, which image is better?
different.
A B
A and B were the prints from the conventional and proposed workflow respec
tively. The results could be seen in Appendix J. Figure 6.5 showed the survey
results (from 20 observers).
I Same
Conventional
workflow is
better.
? Proposed
workflow is
better.
35% dot gain setting
Figure 6.5 Results ofpaired comparison (between the conventional and proposed work
flow)
As shown in Figure 6.5, when setting the % dot gain at the -5%, and 5%, the
majority of observers determined the images from conventional and proposed
workflow be the same quality. Conversely, at 15%, 25% and 35% dot gain set
ting, the majority of observers preferred the images from the proposed work
flow.
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6.3.2 Image Comparison from Varying the Dot Gain Setting, at Each Workflow
This section was included in the questionnaire in order to have the additional
information as to which workflow produced the more acceptable image quality
and which dot gain setting was most appropriate for each workflow. The forty-
ninth prints were prepared into two sets; one included the images varying the
dot gain setting from conventional workflow, the other included the images
varying the dot gain setting from proposed workflow. Each set was chosen the
acceptable quality (which can be more than one image), and the best quality
(which can be one image only). The survey results could be seen in Appendix K
and L. Figure 6.6 and 6.7 showed the survey results.
Acceptable Image Evaluation-Conventional Workflow Acceptable Image Evaluation-Proposed Workflow
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Figure 6.6 Acceptable image evaluation from the conventional and proposed workflow
As shown in figure 6.6, the observers accepted the quality image from the pro
posed workflow more than those from the conventional workflow. The
observers did not accept the image quality at 35% dot gain setting from both
workflow. Figure 6.7 showed the proportion of images that were determined
the best quality.
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Figure 6.7 Best image evaluation from the conventional and proposed workfloxv
As shown in Figure 6.7, in both conventional and proposed workflow, most
observers determined setting the dot gain at 15% produced the best quality.
However, with the conventional workflow, 25% of the observers determined
images at 5% and 25% dot gain setting to be the best quality image; while with
the proposed workflow, almost 50% of the observers determined images at 0%,
5%, and 25% dot gain setting to be the best quality image.
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Chapter 7
Summary and Conclusion
The purpose of this study was to examine how varying the dot gain setting in
the RIPping process could improve the workflow of the Xeikon digital printing
system. The hypothesis stated that varying the dot gain setting in the PJPping
process of the Xeikon digital printing system could improve the workflow while
maintaining the image quality.
Hypothesis: Improve Workflow
According to the results, the proposed workflow saved the time usage of 46.41%
for file preparation steps, file transfer steps, and the printing steps because the
proposed workflow prepared the original files and transferred to the Xeikon
server once. In addition, the proposed workflow produced the faster printing
step because of less conditioning time usage. This result promoted the hypothe
sis in this part.
Hypothesis: Maintainance of Quality
From quality analysis, the images from the conventional and proposed work
flow were different, especially when the images were set at higher dot gain
value. The changes of the Plate/Press curves, as well as the dot gain curves, of
images from the conventional and proposed workflow were different when the
dot gain setting value was higher. The gray balance of the images was different
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when the dot gain setting value was high. On the other hand, the solid ink den
sity of images from the conventional and proposed workflow was the same.
The results of the observer evaluation showed that the images from the conven
tional and proposed workflow produced the similar image qualities at lower dot
gain settings, but they were visually different when setting the higher dot gain
value (which promoted the quality analysis result). In these cases, the pro
posed workflow produced more acceptable quality images. Over 50% of the
observers chose the image at 15% dot gain setting of each workflow for the best
qualities.
Consequently, the quality hypothesis would be rejected because the image qual
ities from the proposed workflow were not the same as those from the conven
tional workflow. However, when compared with the conventional workflow,
the proposed workflow, where the dot gain setting is changed in the RIPping
process of the Xeikon digital printing system, produced the preferable quality
images.
Conclusion
The overall hypothesis would be rejected because varying the dot gain setting in
the RIPping process of the Xeikon digital printing system did improve the
workflow but it did not maintain the same image quality. Rather, varying the
dot gain setting in the RIPping process produced the preferable quality images.
One explanation for the observer evaluation results was in the variety of the
observers. Some observers made the judgement by looking at the image details
while the others made the judgement superficially. The variation of their prefer
ences and their nature would promote the idea that the printing jobs from the
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Xeikon digital printing system need to correct the tone reproduction for the
variety of
customers'
satisfaction.
Another explanation from this research was that, for general images produced
from Xeikon digital printing system, the dot gain setting value would be 15% to
achieve the most preferable customers'satisfaction. However, this does not nec
essarily apply for all images, depending on the deficiency of such images.
Benefits of the Study
The result of this research is beneficial to the printing industry in that the results
show a modification of the workflow procedures which reduces the production
time, which in turn promotes the increase use of the Xeikon system. In addi
tion, it could promote advances in technologies among other digital printng
equipment manufacturers.
Recommendations for Further Study
Recommendations for further study include the study of other types of images,
such as high or low contrast images, and high or low key images (the images
which have many areas in highlight or shadow, respectively). It is recommend
ed that this experiment be repeated for those images, in order to find the best
dot gain setting value for those images and set such values as the standard for
those types of images.
This research investigates the Xeikon digital printing system workflow only. It
would be interesting to study how to improve the workflow for other digital
printing systems, such as Indigo E-Print and Xerox Docutech.
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Xeikon as a Digital Printing system
The Xeikon digital printing system is used for on-demand, short-run, distrib
uted, and fast-turnaround printing. Moreover, unlike conventional printing sys
tems, Xeikon provides variable-data printing.
On-Demand Printing
Since the cost of paper-based publishing is rising, printed jobs are produced on
demand. On-Demand Printing is printing only the quantity neededrather than
having it stored on a shelf. Therefore, the printed job will be less costly for stor
age and the information can be changed for the next publishing, keeping the
document up-to-date. Another consideration is test marketing; the customer
can order small quantities of the printed job and they can order more whenever
the markets need it.
Short-Run Printing
Short-Run Printing is a term that "characterizes printing in a small quantities,
normally from 1 to 1,000 copies, while being cost
effective"
(Romano, 1997,
p.556). It is often combined with the term "On-Demand Printing" to specify the
need to print a job in small quantities in a short period of time with a logical
cost. A criteria to promote short-run printing with Xeikon is its fast turnaround.
Since the system uses electronic devices, Xeikon does not need make-ready, set-
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up time,and machine cleanup. It also cuts down material waste from setting up
the machine.
Distributed Printing
Electronic prepress and digital printing make a new alternative in printing: to
distribute, then print. Online electronic file and delivery, via the Internet, satel
lite or some other telecommunications medium, streamlines the process by
which the files can be distributed electronically to multiple locations for local
output. The service provider can use a local printer to manage the distribution
of electronic files to be printed and the jobs can then be delivered from a closer
point, reducing shipping costs and time.
Fast-Turnaround Printing
"Swift turnaround is an inherent characteristic of the digital printing
process"
(Jeffrey, 1996, p.33). The system does not need to clean up the machine, use
make-ready, or set-up time, and it cuts down material waste from setting up the
machine. When the printing is completed, the product is ready for finishing
and there is no need to factor in drying time. Fast turnaround also promotes
off-press digital proof. Most customers insist on an off-press digital proof and
they can get the accurate proof that comes from the same printing system.
Variable-Data Printing
"Variable Data is the data that is not part of form design and varies from page
to page on the
form" (Romano, 1997, p.640). Xeikon provides variable-data
printing which can be used for the personalization of documents. The Xeikon
print engine capability separates the processing of fixed and variable data
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throughout the entire job flow, and only merges them just before printing,
enabling varied images on every consecutive printed page. The files will be gen
erated in fixed part or "master" that is identical for every database record, and
variable elements that change to reflect the data in each database record. Some
software applications, such as PrintStreamer and Private-I, can be used to
achieve the complete capability of Xeikon variable-data printing.
According to Romano (1996), the list of documents that print better in a digital
printing system includes "customized newsletters and magazines, short-run
marketing pieces and catalogs, on-demand computer manuals, software docu
mentation, hardware manuals, instant trade show publications, personalized
presentation handouts, real estate brochures, mailers, catalogs, supermarket cir
culars, test marketing materials, CD booklets, business cards, and large-format
posters"(p.27).
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Other digital printing systems
Indigo E-Print
First announced in 1993, Indigo E-Print is a high-quality sheet-fed digital offset
press that prints four to six-color jobs from PostScript files. The RIP can be off
line or in-line, using an electrophotographic system, consisting of laser imaging,
and a new liquid toner called Electrolnk. The Electrolnk is comprised of
micron-sized pigment toners dispersed in a thermoplastic resin diluted in a light
mineral oil (Isopar). At the print engine, the light imaging system creates a digi
tal image on a rotating photo imaging plate inside the press. The Electroink is
applied to the plate and the next process is similar to conventional printing in
that the ink image is transferred from a plate to a blanket and from the blanket
to the paper. Like Xeikon, Indigo E-Print also provides variable-data printing.
Agfa Chromapress
The Agfa Chromapress was developed in Belgium and was announced in
September 1993. It combines the Xeikon print engine with front-end expertise
as a RIP, print server and applications based on a Macintosh workstation and
developed by Agfa. The Agfa software application, ChromaWatch,
ChromaWrite, and ChromaCon, are utilized to prepare, manage, and track print
jobs. The Chromapress PowerRIP provides color management software and
Screening software developed byAgfa itself. The system "is said to minimize
73
the communications bottleneck normally encountered in short-run printing sys
tems that work with high-resolution color images" (Romano, 1997 p.13).
Xerox Docutech
The Xerox Docutech Publishing Series is a group of 600x600 dpi output prod
ucts. It is composed of five major components: the document scanner, the con
troller, the operator console, the printer, and an inline finisher. All the compo
nents are integrated to allow file processing, printing, and finishing functionali
ty into a single print-shop system. The controller is a multiprocessor that stores
and manipulates scanned images and manages system processing functions.
The print engine uses the electrophotographic imaging technology in which the
image source is a helium-neon laser that is split into two beams. They are
focused via a spinning polygon mirror to a revolving electrophotographic belt
whose surfaces are charged as it revolves.
Heidelberg Quickmaster
Announced at DRUPA in 1995, Heidelberg Quickmaster is a hybrid digital
printing system with waterless offset and on-press platemaking to which the
PostScript digital files are sent to image the plate at the press. The press used a
large common impression cylinder surrounded by four sets of printing units.
Each has its own blanket and plate cylinder. To image the plate, the digital file
drove a spark discharge system. With waterless technology, the press printed in
an air conditioned press area; no chill rollers or cooling system was used. For
the printing process, each sheet of substrate moves around the large impression
cylinder and each printing unit transfers the waterless ink to the sheet.
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Xeikon digital printing system technology
Toner
Xeikon print engines use four colors (Cyan, Magenta, Yellow, and Black) of dry
toner instead of ink. The microtoner is a polymer resin binder with pigments
added for color. The size of each toner particle is very small with the average
size of 7.5 microns, allowing no visual graininess. Like other digital presses, the
toners hold out from an uncoated sheet as well as they do from a coated one, so
all the dimensions of color appear the same. It benefits to plan designs that
include both coated and uncoated papers in the same color reproduction
throughout.
Imaging Technology
Electrophotography
Electrophotography is an imaging technology using electrostatic charges togeth
er with light. The Xeikon digital printing system uses electrophotography imag
ing technology, which is also used in laser printing and copying devices, for
print output. The Xeikon DCP/32D and DCP/50D engine are made of ten print
units, eight of which are used to print four color images on each side of the web,
providing two-sided four-color prints in one feed while the Xeikon DCP/32S
engine is made of five print units, providing one-sided color prints.
77
Figure A The electrophotographic process used in Xeikon print engine
As shown in figure A, the electrophographic imaging steps are as follows:
- the Organic Photoconductive drum (OPC), which consists of an alu
minum core covered with a light-sensitive material, in each printing
unit is charged.
- a light emitting diode (LED) exposes the drum to precise levels of light,
generally from a laser beam, resulting in the OPC layer becoming con
ductive and the exposed areas losing their charge. Precisely controlled
amounts of light from the LED array build the image.
- extremely fine toner particles and magnetized carrier particles from a
magnetic brush pass along the drum, transferring toner particles that
develop the latent electrostatic image on the drum.
- the image is transferred to the paper as it passes the drum unit, then
bonded to the paper with heat.
Gloss Enhancement
The Xeikon print engine has a gloss enhancement unit, called enhancement
GEM (Agfa calls it OmniGloss) to give the output a higher gloss and closer
resemblance to offset printing. It is comprised of a two-part fuser and finishing
system. At the first station, the output medium is heated and toner is partially
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fused. It then passes to the second station of pressured rollers, which results in
a calendering effect on the media and a glossier appearance from the fused
toner. As a byproduct of the two-part fusing process, the fusing temperature in
the engine can be lower, allowing the use of a broader range of substrates,
including coated and heavier papers, polyester, plastics, foil laminates, labels,
and cardboard.
Driven Substrate
The Xeikon engine prints on a web substrate that "is driven through the
machine by two rollers, one before the paper[substrate] is printed and one after
all four colors have been applied to both sides"(Cost, 1997, p.106). Each of the
imaging cylinders is free-wheeling, and is driven by paper[substrate], which is
attracted to the static charge on the cylinder surface. "The paper[substrate] is
literally pulled through the press, turning the imaging cylinders as it moves
past"(Cost, 1997, p.106).
Temperature and Humidity Control
The Color electrophotographic process is known to suffer from color variability
due to changes of ambient temperature and humidity. However, on most color
copiers, color balance can be manipulated at the console. The Xeikon digital
printing system takes a more systematic approach by controlling the tempera
ture and humidity inside the closed cabinet to stabilize the process, driving the
consistent color quality from sheet to sheet and run to run.
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Xeikon print quality
Xeikon achieves highly saturated color. Also, the heat used in the printing
processes fuses the toners to the paper; therefore, the print has excellent ink
holdout. On gloss papers, this result is compared to good quality offset print
ing. On uncoated sheets, this phenomenon sometimes makes the result look
better than offset printing. The colors of prints from Xeikon on the gloss cover
match those from uncoated sheets. In addition, Xeikon digital presses prevent
paper shift during the run.
Variable Spot Density
Xeikon engines, based on the electrophotographic printing process, have an
extra feature to produce high quality images. It is possible to vary the density
of each printed spot in a pixel up to 64 levels by applying different amounts of
toner. This is defined in the data depth of the spot expressed in bits per spot
(bps). A data depth of 4 bps, for example, can generate 24 = 16 gray levels or
densities for each spot. The number of gray levels per pixel can be calculated
by means of this formula:
g =
(p/s)2 x (2d-l) + 1
whereby g = gray levels per pixel
p = printer resolution (spi)
s = screen ruling (lpi)
d - data depth (bps)
The Xeikon engine has an imagining resolution of 600 spi (spots per inch). For
instance, a screen ruling of 150 lpi (lines of pixels per inch)and a data depth of 4
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bps, results in 241 gray levels per pixel, providing the image quality closer to
imagesetter's than a 600-dpi laser printer's.
Digital Halftone Screening
The digital halftone process creates shades of gray by grouping a number of
printer spots to form a cell, called a halftone cell or pixel. Digital halftone
screening is a pattern of halftone cells with different sizes to represent tonal
densities in a photographic image. The Xeikon digital printing system has a
range of screenings available for different RIP solutions as follows:
- Rosette Screening: best for detailed jobs and sharp edge images; tradi
tional offset-like screening: Harlequin ScriptWorks RIP provides Xeikon
Heracles while Barco Graphics Fast RIP provides Barco Classic
- Line Screening: best for flat tints: both Harlequin ScriptWorks and Barco
Graphics Fast RIP provides Xeikon Sofocles
The combination of a printer resolution of 600 spi, the ability of 64 gray levels
per spot for each of the printing colors (CMYK) and a superb screening technol
ogy results in the excellent printing quality of the Xeikon printing engines.
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Voraphot Vacheravothan : Image Comparison
Participants Professor in SPMS
Third-year undergraduate student in SPMS
Fourth-year undergraduate student in SPMS
Graduate Student in SPMS
Technical associate that supports SPMS
Thank you for your cooperation.
Instructions:
Parti
Please look at the following pairs of digital print images. For each pair, make a
judgement whether each pair is the same or different. If it is different, which
image is better?
1. The pair is
same.
If different, which image is better?
2. The pair is
same.
If different, which image is better?
3. The pair is
same.
If different, which image is better?
4. The pair is
same.
If different, which image is better?
5. The pair is
same.
If different, which image is better?
different.
A B
different.
A B
different.
A B
different.
A B
different.
A B
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Part 2
Please look at the two sets of images. For each set, first, make a judgement
which images have acceptable quality (you can choose more than one image).
Second, select the image which has the best quality (please choose one image
only). Circle your decision below.
Setl
Acceptable quality A B C D E F
Best quality A B C D E F
Set 2
Acceptable quality A B C D E F
Best quality A B C D E F
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Time Usage of Conventional and Proposed Workflow
% Dot Gain
Setting
Time usage (minute.second)
File Preparation Creating
PS file*
and transfer
RIP PrintGray
Balance
Color
Patches
Sample
Image
Total
Conventional
0 - - - - 1.50 0.30 3.30
-5 0.50 1.00 1.10 3.00 1.50 0.30 4.15
5 0.50 1.00 1.10 3.00 1.40 0.30 4.45
15 0.50 1.00 1.10 3.00 1.45 0.30 4.00
25 0.50 1.00 1.10 3.00 1.50 0.30 3.45
35 0.50 1.00 1.10 3.00 1.45 0.30 3.40
Total 4.10 5.00 5.50 15.00 10.40 3.00 23.55
Proposed
0 - - - - 1.50 0.30 3.30
-5 0.00 0.00 0.00 0.00 0.00 0.30 3.00
5 0.00 0.00 0.00 0.00 0.00 0.30 3.40
15 0.00 0.00 0.00 0.00 0.00 0.30 3.30
25 0.00 0.00 0.00 0.00 0.00 0.30 3.30
35 0.00 0.00 0.00 0.00 0.00 0.30 3.30
Total 0.00 0.00 0.00 0.00 1.50 3.00 20.40
PS file* = PostScript file
Table A Time usage of the conventional and proposed workflow
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Density of Conventional and Proposed Workflow
% Dot
Area
Density
Cyan (C) Magenta (M) Yellow (Y) Black (K)
0 0.09 0.10 0.07 0.10
5 0.10 0.11 0.09 0.12
10 0.11 0.15 0.11 0.16
15 0.14 0.17 0.14 0.19
20 0.16 0.19 0.15 0.21
25 0.18 0.22 0.18 0.24
30 0.20 0.24 0.20 0.27
35 0.23 0.26 0.22 0.29
40 0.26 0.31 0.25 0.32
45 0.30 0.34 0.28 0.35
50 0.32 0.37 0.30 0.38
55 0.36 0.41 0.32 0.43
60 0.40 0.46 0.35 0.47
65 0.45 0.51 0.39 0.53
70 0.51 0.56 0.42 0.56
75 0.57 0.60 0.49 0.65
80 0.67 0.70 0.54 0.73
85 0.73 0.77 0.59 0.81
90 0.83 0.86 0.67 0.93
95 0.97 0.98 0.76 1.11
1.13 0.86 1.33tuu
Table B Density of color patches at 0% dot gain setting
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% Dot
Area
Density
Cyan (C) Magenta (M) Yellow (Y) Black (K)
Conventional Proposed Conventional Proposed Conventional Proposed Conventional Proposed
0 0.10 0.09 0.10 0.10 0.07 0.07 0.10 0.10
5 0.10 0.10 0.12 0.11 0.09 0.08 0.12 0.11
10 0.13 0.11 0.16 0.14 0.12 0.11 0.16 0.16
15 0.14 0.14 0.18 0.17 0.14 0.14 0.20 0.19
20 0.17 0.15 0.21 0.19 0.17 0.15 0.22 0.21
25 0.18 0.17 0.23 0.21 0.19 0.17 0.25 0.23
30 0.22 0.19 0.26 0.23 0.21 0.20 0.29 0.26
35 0.24 0.22 0.29 0.25 0.25 0.21 0.32 0.28
40 0.29 0.25 0.33 0.29 0.27 0.24 0.36 0.31
45 0.32 0.28 0.37 0.33 0.30 0.27 0.38 0.34
50 0.36 0.30 0.41 0.35 0.32 0.29 0.43 0.38
55 0.39 0.33 0.45 0.39 0.35 0.32 0.48 0.41
60 0.44 0.37 0.51 0.42 0.38 0.34 0.52 0.45
65 0.51 0.41 0.57 0.48 0.42 0.38 0.58 0.48
70 0.55 0.45 0.60 0.51 0.46 0.41 0.63 0.53
75 0.64 0.54 0.67 0.56 0.51 0.46 0.71 0.59
80 0.71 0.61 0.73 0.64 0.57 0.51 0.77 0.64
85 0.78 0.69 0.79 0.73 0.62 0.58 0.87 0.74
90 0.88 0.79 0.88 0.79 0.68 0.64 0.96 0.84
95 0.97 0.92 0.98 0.93 0.77 0.74 1.13 0.99
100 1.17 1.20 1.14 1.14 0.85 0.87 1.33 1.30
Table C Density of color patches at -5% dot gain setting
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% Dot
Area
Density
Cyan (C) Magenta (M) Yellow (Y) Black (K)
Conventional Proposed Conventional Proposed Conventional Proposed Conventional Proposed
0 0.10 0.09 0.10 0.10 0.07 0.07 0.10 0.10
5 0.10 0.10 0.12 0.11 0.09 0.09 0.13 0.13
10 0.12 0.13 0.15 0.15 0.12 0.13 0.16 0.17
15 0.15 0.15 0.18 0.17 0.15 0.15 0.20 0.20
20 0.17 0.17 0.22 0.21 0.17 0.17 0.22 0.23
25 0.19 0.19 0.23 0.23 0.19 0.19 0.26 0.26
30 0.21 0.22 0.25 0.26 0.22 0.22 0.29 0.29
35 0.24 0.24 0.30 0.30 0.25 0.26 0.31 0.32
40 0.29 0.30 0.34 0.34 0.27 0.28 0.36 0.37
45 0.32 0.32 0.38 0.37 0.30 0.31 0.39 0.39
50 0.36 0.36 0.41 0.40 0.33 0.33 0.43 0.43
55 0.39 0.39 0.45 0.45 0.35 0.37 0.48 0.47
60 0.44 0.45 0.49 0.50 0.38 0.39 0.51 0.53
65 0.50 0.51 0.55 0.56 0.42 0.43 0.57 0.58
70 0.53 0.54 0.60 0.61 0.46 0.48 0.63 0.63
75 0.63 0.63 0.67 0.67 0.52 0.53 0.71 0.72
80 0.70 0.72 0.73 0.74 0.57 0.60 0.79 0.80
85 0.78 0.79 0.81 0.80 0.62 0.65 0.89 0.90
90 0.88 0.90 0.88 0.90 0.69 0.72 0.99 1.01
95 0.98 1.02 0.99 1.04 0.77 0.82 1.14 1.18
100 1.17 1.21 1.13 1.16 0.85 0.88 1.33 1.37
Table D Density of color patches at 5% dot gain setting
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% Dot
Area
Density
Cyan (C) Magenta (M) Yellow (Y) Black (K)
Conventional Proposed Conventional Proposed Conventional Proposed Conventional Proposed
0 0.10 0.09 0.10 0.10 0.07 0.07 0.10 0.10
5 0.10 0.11 0.13 0.14 0.10 0.10 0.15 0.15
10 0.13 0.15 0.17 0.17 0.13 0.14 0.20 0.20
15 0.16 0.17 0.20 0.21 0.16 0.17 0.22 0.23
20 0.19 0.21 0.23 0.25 0.19 0.20 0.27 0.28
25 0.23 0.24 0.27 0.28 0.23 0.24 0.30 0.31
30 0.26 0.27 0.32 0.32 0.26 0.25 0.35 0.34
35 0.31 0.32 0.35 0.35 0.29 0.30 0.39 0.38
40 0.36 0.37 0.40 0.40 0.33 0.32 0.44 0.42
45 0.39 0.40 0.44 0.45 0.36 0.36 0.47 0.46
50 0.44 0.43 0.49 0.48 0.39 0.39 0.52 0.50
55 0.50 0.47 0.54 0.53 0.42 0.42 0.58 0.57
60 0.55 0.54 0.61 0.60 0.47 0.46 0.65 0.63
65 0.63 0.62 0.70 0.68 0.50 0.50 0.73 0.69
70 0.67 0.68 0.74 0.72 0.53 0.53 0.77 0.75
75 0.74 0.76 0.77 0.78 0.59 0.60 0.84 0.83
80 0.82 0.83 0.86 0.85 0.66 0.67 0.91 0.91
85 0.88 0.89 0.90 0.93 0.69 0.73 0.98 1.02
90 0.95 0.99 0.96 1.00 0.73 0.77 1.08 1.11
95 1.06 1.08 1.06 1.10 0.81 0.81 1.21 1.22
100 1.17 1.21 1.14 1.16 0.86 0.86 1.33 1.35
Table E Density of color patches at 15% dot gain setting
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% Dot
Area
Density
Cyan (C) Magenta (M) Yellow (Y) Black (K)
Conventional Proposed Conventional Proposed Conventional Proposed Conventional Proposed
0 0.10 0.09 0.10 0.10 0.07 0.07 0.10 0.10
5 0.11 0.12 0.14 0.16 0.11 0.12 0.15 0.17
10 0.15 0.17 0.18 0.21 0.14 0.17 0.21 0.23
15 0.18 0.22 0.23 0.25 0.18 0.21 0.25 0.28
20 0.23 0.25 0.26 0.30 0.22 0.25 0.30 0.32
25 0.27 0.30 0.31 0.35 0.25 0.28 0.35 0.37
30 0.33 0.34 0.36 0.38 0.30 0.30 0.40 0.41
35 0.39 0.38 0.42 0.42 0.34 0.34 0.46 0.45
40 0.44 0.43 0.47 0.47 0.38 0.38 0.52 0.50
45 0.51 0.49 0.54 0.53 0.42 0.42 0.58 0.55
50 0.57 0.53 0.61 0.58 0.47 0.43 0.66 0.60
55 0.63 0.57 0.68 0.63 0.51 0.48 0.74 0.68
60 0.71 0.65 0.77 0.70 0.56 0.52 0.82 0.74
65 0.77 0.71 0.82 0.76 0.60 0.54 0.89 0.80
70 0.84 0.75 0.90 0.81 0.64 0.59 0.96 0.84
75 0.88 0.83 0.91 0.88 0.69 0.66 1.00 0.93
80 0.97 0.90 0.98 0.94 0.75 0.71 1.11 1.02
85 0.99 0.95 1.01 0.99 0.79 0.75 1.17 1.09
90 1.07 1.03 1.07 1.04 0.81 0.79 1.20 1.15
95 1.18 1.10 1.14 1.14 0.86 0.84 1.30 1.26
100 1.19 1.17 1.13 1.16 0.87 0.85 1.37 1.35
Table F Density of color patches at 25% dot gain setting
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% Dot
Area
Density
Cyan (C) Magenta (M) Yellow (Y) Black (K)
Conventional Proposed Conventional Proposed Conventional Proposed Conventional Proposed
0 0.10 0.09 0.10 0.10 0.07 0.07 0.10 0.10
5 0.11 0.15 0.15 0.18 0.12 0.14 0.16 0.20
10 0.15 0.22 0.19 0.26 0.15 0.20 0.21 0.28
15 0.20 0.27 0.24 0.31 0.20 0.25 0.27 0.32
20 0.25 0.32 0.29 0.36 0.25 0.29 0.33 0.39
25 0.32 0.38 0.35 0.41 0.30 0.34 0.39 0.45
30 0.37 0.42 0.40 0.45 0.34 0.37 0.47 0.50
35 0.47 0.48 0.49 0.50 0.41 0.41 0.54 0.55
40 0.55 0.54 0.58 0.56 0.45 0.44 0.64 0.61
45 0.66 0.59 0.68 0.62 0.53 0.49 0.74 0.65
50 0.73 0.63 0.76 0.67 0.56 0.50 0.83 0.71
55 0.82 0.67 0.88 0.70 0.64 0.53 0.95 0.77
60 0.91 0.74 0.96 0.77 0.70 0.58 1.06 0.83
65 0.98 0.82 1.01 0.85 0.75 0.62 1.14 0.91
70 1.07 0.87 1.09 0.90 0.79 0.64 1.22 0.93
75 1.12 0.93 1.10 0.91 0.85 0.71 1.27 1.02
80 1.16 0.97 1.14 0.99 0.87 0.74 1.34 1.08
85 1.18 1.01 1.14 1.04 0.87 0.78 1.33 1.15
90 1.18 1.06 1.14 1.05 0.87 0.79 1.35 1.21
95 1.17 1.13 1.13 1.11 0.87 0.82 1.34 1.27
100 1.18 1.18 1.13 1.14 0.87 0.84 1.35 1.35
Table G Density of color patches at 35% dot gain setting
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Appendix H
% Dot Gain of Conventional and Proposed Workflow
% Dot Area % Dot Gain
Cyan (C) Magenta (M) Yellow (Y) Black (K)
0 0 0 0 0
5 -4 -1 -1 1
10 -5 2 1 4
15 -5 1 2 6
20 -5 1 0 5
25 -6 2 1 5
30 -7 0 0 5
35 -6 0 0 3
40 -5 2 0 4
45 -4 2 0 3
50 -6 1 -1 1
55 -5 1 -3 2
60 -4 2 -3 2
65 -4 2 -3 2
70 -3 2 -3 0
75 -2 1 -1 1
80 0 3 -1 2
85 -1 2 -1 1
90 -1 1 -1 1
95 -1 1 0 1
100 0 0 0 0
Table H % Dot Gain of color patches at 0% dot gain setting
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% Dot
Area
% Dot Gain
Cyan (C) Magenta (M) Yellow (Y) Black (K)
Conventional Proposed Conventional Proposed Conventional Proposed Conventional Proposed
0 0 0 0 0 0 0 0 0
5 0 -3 0 -1 -1 -2 1 -2
10 -2 -5 3 1 1 6 4
15 -4 -2 3 3 2 8 5
20 -4 -5 5 3 0 7 4
25 -6 -7 2 3 0 7 4
30 -4 -8 3 -1 2 0 8 3
35 -4 -7 4 -1 5 -3 7 2
40 -1 -7 5 -1 4 -2 8 1
45 -1 -7 6 4 -1 6 2
50 0 -8 6 -1 3 -3 7 1
55 -1 -9 6 -1 1 -3 7 0
60 -1 -8 7 -2 1 -5 6 -1
65 2 -8 7 -1 1 -4 7 -2
70 0 -9 5 -2 0 -6 5 -3
75 3 -5 5 -3 2 -5 5 -3
80 2 -4 4 -2 2 -5 4 -4
85 1 -4 3 -1 1 -3 3 -3
90 1 -3 2 -2 1 -3 2 -2
95 -1 -3 0 -1 1 -2 1 -2
100 0 0 0 0 0 0 0 0
Table I % Dot Gain of color patches at -5% dot gain setting
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% Dot
Area
% Dot Gain
Cyan (C) Magenta (M) Yellow (Y) Black (K)
Conventional Proposed Conventional Proposed Conventional Proposed Conventional Proposed
0 0 0 0 0 0 0 0 0
5 0 -1 -1 -2 -1 -1 2 2
10 -4 -1 1 3 2 4 5 7
15 -3 0 2 3 4 4 8 7
20 -3 -1 5 5 4 5 7 8
25 -4 -2 4 5 4 4 8 9
30 -4 -2 2 5 4 5 8 8
35 -4 -3 5 6 6 6 6 7
40 -2 1 6 8 3 5 9 10
45 -2 0 7 7 4 5 7 7
50 -1 0 6 6 4 4 7 7
55 -1 -1 5 6 2 4 7 6
60 -1 1 5 7 1 2 6 7
65 2 6 7 1 2 6 6
70 -1 0 5 6 0 2 5 5
75 2 2 5 5 2 2 5 5
80 2 3 4 5 2 4 5 5
85 2 2 4 3 1 2 4 4
90 1 1 2 2 1 2 3 3
95 0 1 1 2 1 2 2 2
100 0 0 0 0 0 0 0 0
Table J % Dot Gain of color patches at 5% dot gain setting
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% Dot
Area
% Dot Gain
Cyan (C) Magenta (M) Yellow (Y) Black (K)
Conventional Proposed Conventional Proposed Conventional Proposed Conventional Proposed
0 0 0 0 0 0 0 0 0
5 -4 0 3 5 2 3 7 7
10 -1 4 5 8 6 8 12 12
15 0 4 8 10 7 9 12 13
20 1 7 7 12 8 11 15 16
25 3 7 11 13 10 13 15 16
30 4 7 13 14 11 10 17 15
35 7 9 13 13 12 14 17 16
40 9 11 15 15 13 12 18 16
45 9 10 15 16 13 13 16 16
50 10 9 15 15 12 12 16 14
55 11 9 15 15 11 11 17 15
60 11 10 16 15 11 10 16 15
65 12 11 17 16 10 10 16 14
70 10 10 15 13 8 8 14 13
75 9 10 12 12 8 9 12 12
80 8 8 11 10 8 9 10 10
85 6 6 8 9 5 8 7 8
90 4 4 5 6 3 5 5 6
95 2 2 3 4 2 3 3 3
100 0 0 0 0 0 0 0 0
Table K % Dot Gain of color patches at 15% dot gain setting
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% Dot
Area
% Dot Gain
Cyan (C) Magenta (M) Yellow (Y) Black (K)
Conventional Proposed Conventional Proposed Conventional Proposed Conventional Proposed
0 0 0 0 0 0 0 0 0
5 -2 3 4 10 5 9 8 12
10 2 8 9 16 8 15 15 19
15 4 13 12 18 11 18 17 22
20 9 14 14 21 15 21 20 23
25 11 17 17 23 15 21 21 25
30 15 18 19 22 18 20 24 24
35 19 19 22 23 20 21 25 24
40 19 19 23 24 20 21 26 24
45 22 20 25 24 21 21 26 24
50 22 19 26 23 21 18 27 23
55 22 18 26 22 21 18 27 23
60 22 19 27 22 20 17 26 22
65 21 18 24 21 19 15 24 20
70 19 15 23 18 17 14 21 17
75 16 14 18 16 16 14 18 15
80 14 12 16 14 14 13 15 13
85 10 9 12 10 11 10 12 10
90 7 7 8 7 7 7 7 6
95 5 3 5 4 5 5 4 4
100 0 0 0 0 0 0 0 0
Table L % Dot Gain of color patches at 25% dot gain setting
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% Dot
Area
% Dot Gain
Cyan (C) Magenta (M) Yellow (Y) Black (K)
Conventional Proposed Conventional Proposed Conventional Proposed Conventional Proposed
0 0 0 0 0 0 0 0 0
5 -2 10 7 15 6 13 11 18
10 3 18 11 24 10 22 14 26
15 8 22 16 28 15 26 20 28
20 12 25 19 30 20 28 24 32
25 19 29 23 31 24 31 27 34
30 21 28 25 31 25 30 31 34
35 28 30 30 31 29 30 33 33
40 31 30 34 32 30 29 36 33
45 34 30 36 32 32 29 37 31
50 34 28 36 30 31 25 36 30
55 33 25 37 28 32 24 36 28
60 32 24 35 27 31 23 35 26
65 30 24 32 25 29 21 31 25
70 27 21 29 22 26 18 28 21
75 24 18 24 18 24 18 24 18
80 20 15 20 16 20 14 20 15
85 15 11 15 12 15 12 15 12
90 10 7 10 8 10 8 10 8
95 5 4 5 4 5 4 5 4
100 0 0 0 0 0 0 0 0
Table M % Dot Gain of color patches at 35% dot gain setting
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Appendix I
Solid Ink Density of Conventional and Proposed Workflow
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Appendix I
Solid Ink Density of Conventional and Proposed Workflow
% dot gain
setting
Cyan(C) Magenta (M)
Conventional Proposed Conventional Proposed
-5 1.17 1.20 1.14 1.14
0 1.18 1.18 1.13 1.13
5 1.17 1.21 1.13 1.16
15 1.17 1.21 1.14 1.16
25 1.19 1.17 1.13 1.16
35 1.18 1.18 1.13 1.14
% dot gain
setting
Yello iv (Y) Black (K)
Conventional Proposed Conventional Proposed
-5 0.85 0.87 1.33 1.30
0 0.86 0.86 1.33 1.33
5 0.85 0.88 1.33 1.37
15 0.86 0.86 1.33 1.35
25 0.87 0.85 1.37 1.35
35 0.87 0.84 1.35 1.35
Table N Solid Ink Density of color patches at different dot gain settings
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Appendix J
Results of Paired Comparison
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Appendix J
Results of Paired Comparison
% dot gain
setting
number of the observers
Professor 3rd Under
graduate Student
4th Under
graduate Student
Graduate
Student
Technical
Associate
Total
-5 2/1/1 2/0/2 3/0/1 1/2/1 1/1/2 9/4/7
5 1/3/0 3/1/0 3/1/0 3/0/1 2/2/0 12/7/1
15 0/2/2 1/0/3 3/0/1 1/1/2 1/0/3 6/3/11
25 0/1/3 0/0/4 0/1/3 0/0/4 0/0/4 0/2/18
35 0/1/3 0/0/4 0/0/4 0/0/4 0/0/4 0/1/19
Table O Paired comparison of the images at different dot gain settings
Key:
1. The first number is the number of the observers who determined the
pair was the same.
2. The second number is the number of the observers who determined
the image from the conventional workflow was better.
3. The third number is the number of the observers who determined the
image from the proposed workflow was better.
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Observer Evaluation for Acceptable Quality Images
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Appendix K
Observer Evaluation for Acceptable Quality Images
% dot gain
setting
number of the observers
Professor 3rd Under
graduate Student
4th Under
graduate Student
Graduate
Student
Technical
Associate
Total
-5 0 0 0 1 1 2
0 2 3 3 0 2 10
5 3 4 4 4 3 18
15 3 3 4 3 4 17
25 1 0 0 2 0 3
35 0 0 0 0 0 0
Total 50
Table P Comparison of the images from the conventional workflow at different dot gain
settings
% dot gain
setting
number of the observers
Professor 3rd Under
graduate Student
4th Under
graduate Student
Graduate
Student
Technical
Associate
Total
-5 0 1 0 1 0 2
0 1 3 2 1 1 8
5 2 4 3 3 3 15
15 3 4 4 4 4 19
25 3 2 1 3 2 11
35 0 0 0 0 0 0
Total 55
Table Q Comparison of the images from the proposed workflow at different dot gain set
tings
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Observer Evaluation for Best Quality Image
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Appendix L
Observer Evaluation for Best Quality Image
% dot gain
setting
number of the observers
Professor 3rd Under
graduate Student
4th Under
graduate Student
Graduate
Student
Technical
Associate
Total
-5% 0 0 0 0 0 0
0% 0 0 0 0 0 0
5% 1 1 1 0 1 4
15% 2 3 3 4 3 15
25% 1 0 0 0 0 1
35% 0 0 0 0 0 0
Total 20
Table R Results of observer evaluation for best quality image from the conventional
workflow
% dot gain
setting
number of the observers
Professor 3rd Under
graduate Student
4th Under
graduate Student
Graduate
Student
Technical
Associate
Total
-5 0 0 0 0 0 0
0 0 0 1 0 0 1
5 1 1 1 0 1 4
15 2 3 1 3 2 11
25 1 0 1 1 1 4
35 0 0 0 0 0 0
Total 20
Table S Results of observer evaluation for best quality image from the proposed work
flow
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